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ABSTRACT: The intake of aflatoxin B1 (AFB1) can lead to poor productivity and diseases
in birds. Thus, it is important to minimize the toxic effects of AFB1. The objective of this study
was to evaluate the carcass yield and haematological profile of broilers fed diets containing
AFB1 added with Mycosorb. A total of 240-day old broiler chicks were randomly distributed
to 24 pens (10 birds/pen). The experiment was designed using a 4 x 2 factorial arrangement
with two different factors, namely aflatoxin level and Mycosorb. The treatments were control
diets, control diets added with Mycosorb, diets containing 10.36 ppb AFB1, diets containing
10.36 ppb AFB1 added with Mycosorb, diets containing 26.97 ppb AFB1, diets containing
26.97 ppb AFB1 added with Mycosorb, diets containing 61.06 ppb AFB1, diets containing
61.06 ppb AFB1 added with Mycosorb. There was an interaction (p<0.05 to 0.01) between
AFB1 level and Mycosorb on the white blood cells (WBC) and litter/excreta score (LES), but
not (p>0.05) in tcarcass traits (CT), lymphoid organ weight (LOW), and haematological profile
(HP) of broilers. Level of AFB1 did not affect (p>0.05) all CT, LOW, and HP, but it affected
(p<0.001) the LES. Mycosorb did not improve (p>0.05) CT, LOW and HP of broilers. In
conclusions, 1) dietary Mycosorb in afla-treated diets improved litter quality and reduced white
blood cell counts of broilers; 2) the AFB1 level up to 61.06 ppb did not impair carcass yield,
lymphoid organ weights and other haematological index of broilers.
Keywords: Aflatoxin; Broiler; Mycotoxin binder; Performance; Toxicological effect

*Corresponding Author: nallecatootjie@gmail.com
DOI: 10.21776/ub.jiip.2022.032.01.07

61

J. Ilmu-Ilmu Peternakan, April 2022, 32(1): 61 – 76

INTRODUCTION
Productivity of broilers is determined
by several factors which are breeding,
feeding and management. The quality and
quantity of feed will support the optimum
production and quality of broiler meat. One
of the important factors in feed quality
requirement is aflatoxin level. According to
Fountain et al. (2015), aflatoxins are the
secondary metabolite produced by fungi
during the infection and growth of
Aspergillus
flavus
and
Aspergillus
parasiticus in food and feed ingredients
such as corn and peanuts. Iqbal et al. (2013)
reported that the production of aflatoxin will
occur when the moisture level is between
18% and 20%, water activity >0.82, a pH 3.0
to 8.5, and ambient temperature is between
12 and 40 °C with an optimum temperature
for growth at 25 to 30 °C. In addition, the
availability
of
nutrients
such
as
carbohydrate, nitrogen, and minerals (i.e.,
phosphates, zinc) also involved in the
production rate of aflatoxin. Aflatoxins are
grouped into two types namely (blue) B and
(green) G types based on ultraviolet under
fluorosence (Benkerroum, 2020; Kumar,
2018; Alhousein and Gurbuz, 2015), these
are called AFB or AFG respectively. Fouad
et al. (2019) and Kumar et al. (2017)
reported that AFB1 is the most common and
hazardous aflatoxin.
The toxicity of aflatoxins varies
according to the type of animal species and
aflatoxin concentration in the diet. Among
all avian species, growing ducklings,
goslings, turkey poults and chicks are more
susceptible to the aflatoxicosis (Valchev et
al., 2018) which are characterised by liver
necrosis, haemorrhages, and proliferation of
biliary duct epithelium. Published data
showed that in most cases, the low level (<
100 ppb) of AFB1 did not cause a negative
impact on growth performance and nutrient
digestibility of broilers (Kurniasih and
Prokoso, 2019; Yang et al. 2012). However,
some reported that the low concentration (<
100 ppb) of AFB1 in the diets impaired
productivity and nutrient digestibility of
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broilers (Saminathan et al. 2018; Liu et al.
2018; Wade et al. 2015; Resanovic and
Sinovec 2006). The undigested nutrients
will be modified by hind gut through
fermentation process which results in
changes in microbiota composition and
reduced water absorption (Hermans et al.,
2006; Teirlynk et al., 2011) leading to wet
litter. Collet (2012) explained that the
undigested nutrients will increase the output
of water urinary. In a study by de Jong et al.
(2014), they found that wet litter induced
footpad dermatitis, resulted in dirty birds,
hock burn, breast irritation and reduced
carcass yield and carcass component parts of
broilers. The incidence of hock burn and
breast blister will reduce the carcass quality
leading to a rejection for commercial
purchase. In a review by Murugesan et al.
(2015), it was reported that poor growth
performance and carcass bruising were due
to the aflatoxicosis of AFB1.
The harmfulness of aflatoxins in
birds are also associated with the changes in
morphology and histology of the digestive
tract of birds, lymphoid organ weight, the
profile of blood, lower egg production and
quality, the presence of aflatoxin residue in
the tissue, and death (Kurniasih and
Prokoso, 2019; Sineque et al.2017; GalarsaSeeber et al. 2016; Peng et al. 2015; Yang et
al. 2012; Kumar and Balachandran, 2009;
Resanovic and Sinovec, 2006). The toxicity
of AFB1 can also cause a hepatocellular
carcinoma which is the main form of liver
cancer in human, rat, primate, and ducks
(Benkerroum 2020; Cai et al. 2020; Wu and
Santella, 2012; Marchese et al., 2018). In a
review by Marchese et al. (2018), the AFB1
also caused lung and intestinal cancer in
human.
Efforts to prevent the contamination
of fungus, or to cure or eliminate the
negative impacts of aflatoxins have been
conducted by previous researchers (Bhatti et
al., 2017; Nazarizdeh and Pourreza, 2019;
Fowler et al. 2015; Moran et al., 2013 ElKatcha et al., 2017). Nowadays, it is easy to
obtain commercial mycotoxin binders
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(organic and inorganic) in the world market;
however, the efficacy of each type of toxin
binder is different. Mysocorb or yeast
glucomannan is one of the mycotoxin
binders that has been evaluated its efficacy
in poultry diets and the results are still
contradictive. For example, Fouad et al.
(2019) reported that the addition of 0.5
kg/ton Mycosorb did not improve the
performance or immunity in birds fed
aflatoxin diet (40 ppb AFB1/kg). While,
Mogadam and Azizpour (2011) claimed that
the addition Mycosorb and sodium bentonite
into diets containing aflatoxins (250 ppb)
improved the performance and immunity
towards Newcastle disease on broilers.
Another study by Nazarizadeh and Pourreza
(2019) also proved that the addition of
Formycin, Anzymit and Mycosorb in the
compound feed contaminated with 0.2 and 4
µg/g AFB1 enhanced the growth
performance, haematology value and serum
protein on broilers. The deactivation process
of aflatoxins occurs through the binding
process between negative polarity of
aflatoxins and positive polarity of toxin
binder (Kanna et al., 2014).
In consideration of the vulnerability of
AFB1 in broilers and human health, thus the
effective method for reducing or eliminating
the toxicity of AFB1 in broiler feed is
necessary to be evaluated. Based on the
above explanation, an experiment has been
conducted to evaluate the carcass yield,
lymphoid organ weight and haematological
profile of broilers given a low level AFB1
diet mixed with a commercial toxin
adsorbent (Mycosorb). Mycosorb or yeast
glucomannan is a feed supplement
anticaking agent which contains a few
nutrients such as crude protein, crude fiber,
calcium carbonates, hydrated sodium
calcium aluminosilicate, dried yeast and
fermentation soluble brewer yeast.
MATERIALS AND METHODS
Animal Ethic Approval
The experimental procedures of the
present study were approved by the Animal
Ethic Committee of Faculty of Veterinary
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Medicine, University of Nusa Cendana
Kupang-Indonesia, with Ethical Clearance
Number KEH/FKH/NPEH/015/2019 on
July 8th, 2019.
Birds and Housing
The study was conducted in State
Polytechnic of Agriculture Kupang, East
Nusa Tenggara Province, Indonesia. A total
of 240 one-day-old Cobb-strain broilers
(45.7 ± 0.2 g/bird) were acquired from the
local hatchery. The birds were randomly
distributed into 24 pens (10 birds/pen). A
gasolec was used to heat the chicks during
the first seven days. The lighting of the room
was provided for 20 hours every day by
placing a bulb on the ceiling of the room.
Each pen was provided with a bulb (75
watts) for additional heating and lighting.
The housing temperature and humidity were
monitored twice a day (morning and
afternoon) by a digital thermo-hygrometer.
On day 22 to 35, the birds were removed to
metabolic cages for nutrient digestibility
assay (the data were reported in the previous
article) and excreta score.
Ingredients
Yellow corn, sago and Mycosorb, as
the main ingredients used in the present
study, were obtained from the local
distributor. Mycosorb product was provided
by Alltech Ltd distributor in Indonesia as
inkind contribution. The recommended
dosage of Mycosorb used in the diet
formulation was 0.075%. Yellow corn (fresh
and mouldy) and sago were ground with a
hammer mill with the screen size of 3 mm
prior to use in the assay. Mouldy corn was
obtained by naturally growing Aspergillus
flavus in the fresh corn. Aflatoxin corn was
produced as following: the fresh yellow corn
(moisture content 14.5%) was put in some
plastic sacks (50 kg capacity each) and
added with clean water (10% of corn
weight) in order to improve the moisture
content and grow the Aspergillus flavus.
The clean water was added every other day
for two months (modified method of
Mogadam and Azizpour, 2011). The
sampling procedure of mouldy corn was
conducted according to Campos and
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Campos (2017) and continued with a cone
sample divider (RETSCH PT 100) to
produce laboratory sample. The laboratory
sample was then reduced in particle size to
0.5 mm using a sample mill (FOSS CT 193
CyclotecTM). The fresh and mouldy corn
samples were packed and sent to the
laboratory for aflatoxin analysis. The AFB1
content of mouldy and fresh corn was tested
with a Thin-Layer Chromatography (TLC)
in SEAMEO Biotrop Laboratory, Bogor,
Indonesia. The aflatoxin concentration of
mouldy corn obtained from the mouldy corn
was 134 ppb.
Experimental Diets
Two basal diets (with and without
Mycosorb) were formulated to meet nutrient
requirements of broilers (Table 1). The fresh

yellow corn was used in those basal diets.
Then six aflatoxin B1 (AFB1) diets were
developed by substituting the proportion of
fresh corn in the control diets with mouldy
corn which contained AFB1. The proportion
of mouldy corn in each AFB1 diet was
determined using a dilution formula (V1 x
C1 = V2 x C2) (Aly and Anwer, 2009). The
assay diets were pelleted in 4 mm pellet size
using a Pellet Mill (1 ton/hour), then
crumbled using a crumbling machine
(capacity: 100-200 kg/hour; roll tube
diameter: 10 inch, screen size: 2 mm) at
Mini Feed Mill of State Polytechnic of
Agriculture Kupang. The concentration of
aflatoxin (B1, B2, G1 and G2) in the sample
diets was analysed with HPLC at SEAMEO
Biotrop Laboratory, Bogor, Indonesia.

Table 1. The composition (g/100 g as-is) of the control diets
Feed ingredients
Inclusion level
Maize
51.19
51.19
Putak, CP 3.6%
3.98
3.98
Soybean meal, CP 44%
33.0
33.0
Meat and Bone Meal
6.0
6.0
Vegetable oil
4.0
4.0
DL-Methionine 99%
0.25
0.25
L-Lysine
0.25
0.25
Limestone
0.05
0.05
Dicalcium phosphate
0.60
0.60
Salt
0.25
0.25
Sodium bicarbonate
0.12
0.12
Vitamin-Mineral Premix*
0.30
0.30
Mycosorb**
0.075
Total
100.00
100.00
Nutrient composition (calculated)
Apparent Metabolisable energy (Kcal/kg DM)
3,100
3,100
Crude Protein (g/kg)
210
210
Lysine (g/kg)
12.7
12.7
Met + Cys (g/kg)
9.7
9.7
AFB1 (ppb)
*)Top Mix: Every 10 kg contain 12.000.000 IU vitamin A, 2.000.000 IU vitamin D3, 8.000 IU
vitamin E, vitamin K3 2.000 mg, vitamin B1 2000 mg, vitamin B2 5.000 mg, vitamin B12
12.000.000 µg, vitamin C 25.000 mg, Calcium-D-panthotenate 6000 mg, choline chloride
10.000 mg, niacin 40.000 mg, methionine 30.000 mg, lysine 30.000 mg, mangan 120.000 mg,
Fe 20.000 mg, iodine 200 mg, zink 100.000 mg, cobalt 200 mg, copper 4.000 mg, santoquin
(antioxidant) 10.000 mg.
** Supplied by Alltech Ltd, Indonesia
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Experimental Design
The experiment was designed using a
4 x 2 factorial arrangement consisting of two
main factors which were the AFB1 level and
Mycosorb. So, there were eight treatment
combinations altogether, involving T1) the
control diets; T2) control diets + Mycosorb,
T3) diets containing 10.36 ppb AFB1, T4)
diets containing 10.36 ppb AFB1 +
Mycosorb, T5) diets containing 26.97 ppb
AFB1, T6) diets containing 26.97 ppb AFB1
+ Mycosorb, T7) diets containing 61.06 ppb
AFB1, T8) diets containing 61.06 ppb AFB1
+ Mycosorb. The AFB1 level used in the
assay diets was determined by the published
data of the previous studies (Fouad et al.,
2019; Yang et al., 2012; Resanovic and
Sinovec, 2006). Variables measured were
carcass yield (%), carcass parts (%),
aflatoxin residues in the breast meat.
Chemical Analysis
Determination of dry matter content of
corn and experimental diets used convection
oven (105 oC) based on AOAC method
(2005). The concentration of aflatoxins (B1,
B2, G1 and G2) of moldy corn was
determined
using
a
Thin-Layer
Chromatography (TLC) with the standard
procedure of AOAC Official Method 993.17
(Latimer, 2012). While the aflatoxin
concentration of the experimental diets was
determined using High Performance Liquid
Chromatography (HPLC, with detection
limit: 0.43 ppb) using the standard
procedure of AOAC Official Method
AOAC 49.2.18-993.21).
The principle of analysis using HPLC
is as following: sample is extracted with
methanol: water (70:30), then filtered,
diluted, and passed through immuno-affinity
column which take the specific monoclonal
antibody of AFB1, AFB2, AFG1 and AFG2.
The pure and isolated aflatoxin will be
concentrated in the column and released
from the antibody and methanol.
Carcass processing
On day 35, two birds from each cage
replicate were selected, weighed (live body
weight LBW), slaughtered and manually
bled by severing the jugular vein and bled
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out for two minutes. Next, the birds were
scalded (54 - 58 oC, 30 seconds) and the
feathers were manually removed. The
carcasses were washed with clean water and
drained for 30 seconds. Later, the carcasses
were eviscerated and cleaned again with
tissue before weighing.
The carcasses were weighed and
manually divided into four parts: thigh,
breast, wings and back. The wing of carcass
was removed by cutting through the humeral
insertion. The whole legs were removed,
including gluteus muscle and the drumstick.
Chicken thigh was removed by cutting
through the femur-tibial junction. The thigh,
wings, breast, and the back were then
weighed in pairs. The individual part
weights for wings, thigh, breast meat and
back were used to calculate part yields.
Blood and lymphoid organ samples
collection
Phlebotomy or blood collection was
taken intramuscularly using 3 mL syringe
from 48 broiler chickens before they were
euthanized (cervical dislocation) on day 35.
The whole blood samples were then put into
EDTA tubes and then examined for the red
blood cells (RBC), white blood cells
(WBC), mean corpuscular volume (MCV),
mean corpuscular haemoglobin (MCH),
haemoglobin (HGB).
The whole blood samples were tested
according to laboratory standard procedure
using Auto Haematology Analyser (Rayto)
at UPT Veterinary Laboratory, Kupang,
East Nusa Tenggara, Indonesia. The bursa of
fabricius and thymus organs were taken and
weighed using a digital balance (Camry,
0.01 g).
Measurements:
1. Carcass yield ( as % of live weight) were
calculated using the following formula
(A)
2. Carcass component parts (as % of carcass
weight) were calculated using the
following formula (B)
3. Absolute weight of lymphoid organ
(g/bird): On day 35, forty eight birds with
from all treatments were selected,
weighed individually and euthanized by
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cervical dislocation. Then, the lymphoid
organs (bursa of fabricius and thymus)
were taken and individually weighed to
get the absolute weight.
4. Haematological profile: the red blood
cells (x 103/µL), white blood cells (x
103/µL), mean corpuscular volume (fL),
mean corpuscular haemoglobin (pg),
mean
corpuscular
haemoglobin

concentration (g/dL), and haemoglobin
(g/L) were measured using an Auto
Haematology Analyser.
5. The litter/excreta score: the litter/excreta
was scored using the visual examination
on day 21 and 35 using the modified
method of Kheravii et al. (2017) with the
scale 1 to 3 (1 = dry; 2= moist and 3 =
wet/cakey).

Formula A
𝑐𝑎𝑟𝑐𝑎𝑠𝑠 𝑤𝑒𝑖𝑔ℎ𝑡
𝐶𝑎𝑟𝑐𝑎𝑠𝑠 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =
𝑥 100
𝑠𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡
Formula B
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑎𝑟𝑐𝑎𝑠𝑠 𝑝𝑎𝑟𝑡𝑠
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑐𝑎𝑟𝑐𝑎𝑠𝑠 𝑝𝑎𝑟𝑡𝑠 =
𝑥 100
𝑐𝑎𝑟𝑐𝑎𝑠𝑠 𝑤𝑒𝑖𝑔ℎ𝑡
Statistical Analysis
The carcass, lymphoid organ weight,
haematological profile data obtained from
the present experiment were statistically
analysed using the two-way analysis of
variance according to the General Linear
Model procedure of SAS (University
Edition, SAS Institute). Differences
between treatments were calculated to be
significant at P<0.05, and further calculated
using Fisher’s Least Significant Difference
Test (LSD).

RESULT AND DISCUSSION
Carcass parameter
The live body weight (LBW), carcass
yield (in weight and percentage), and
commercial carcass component parts (in
percentage) of 5-week-old (35d) broiler
chickens are depicted in Tables 2 and 3. The
average LBW of selected birds fed AFB1
contaminated diets up to 61.06 ppb added
with Mycosorb tended to be higher than
those fed AFB1 diets without Mycosorb
(Table 2).

Table 2. The average of live body weight (g/bird) and carcass weight (g/bird) of selected birds
(35 d) for carcass parameter from all dietary treatments
Live body weight
Carcass weight
Aflatoxin B1 level (ppb)
Mycosorb
…………….(g/bird)…………………
nd
1,220
818.43
nd
+
1,340
886.05
10.36
1,295
878.05
10.36
+
1,295
965.80
26.97
1,285
860.56
26.97
+
1,407
964.28
61.06
1,252
827.06
61.06
+
1,445
1002.53
nd = non detectable level (Limit of detection with HPLC: AFB1 = 0.43 ppb)
A similar trend was also recorded in
carcass weight of birds. When expressed on
percentage weight basis (Table 3), the
statistical analysis showed that carcass yield
DOI: 10.21776/ub.jiip.2022.032.01.07

and component parts (thigh, breast, wings,
and back percentages) were not significantly
(p>0.05) different by the level of AFB1.
This indicated that the birds could tolerate to
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the AFB1 level < 70 ppb in the diets.
Regarding the second main factor, the
addition of Mycosorb in the diets did not
improve (p>0.05) the percentage of carcass
yield and commercial component parts.
There was no interaction (p>0.05) between
AFB1 level and Mycosorb on the carcass
yield and parts of broilers fed the treatment
diets.

However, there was an increase
tendency in carcass yield and parts of
broilers fed AFB1 contaminated diets added
with Mycosorb (Table 3). This result
indicated that Mycosorb had the ability to
bind AFB1 in the gastrointestinal tract and
excreted into faeces. The range of carcass
percentage obtained in the present study was
66.16 to 69.34 %.

Table 3. Carcass yield and parts of broilers fed diets containing low level of aflatoxin B1 and
mycotoxin binder (Mycosorb)
Treatment
Variables
Carcass yield
Thigh
Breast
Wings
Back
AFB1
Mycosorb
Level, ppb
……………..……………….%..............................................
nd
66.2
24.5
30.1
9.07
17.1
nd
+
67.0
31.8
36.6
10.59
20.4
10.36
67.0
29.7
38.7
11.93
20.0
10.36
+
68.2
30.4
38.9
10.50
19.6
26.97
68.4
30.5
39.4
9.90
19.2
26.97
+
67.6
31.0
37.9
10.27
20.0
61.06
69.3
30.8
39.4
10.20
19.0
61.06
+
67.9
31.2
39.3
10.62
21.1
SEM
0.75
2.71
2.70
0.85
1.42
Main effect,
AFB1 level (ppb, AL)
nd
66.6
28.1
33.3
9.83
18.8
10.36
67.6
30.0
38.9
11.21
19.8
26.97
67.9
30.7
38.6
10.08
19.6
61.06
68.6
31.0
37.7
10.41
20.0
SEM
0.53
1.47
1.61
0.60
1.00
Main effect, Mycosorb (M)
67.7
28.9
36.9
10.27
18.8
+
67.7
31.1
37.3
10.49
20.3
SEM
0.38
1.04
1.35
0.42
0.71
Pr > F
Aflatoxin Level (AL)
NS
NS
NS
NS
NS
Mycosorb (M)
NS
NS
NS
NS
NS
AL x M
NS
NS
NS
NS
NS
a,b
Means of column with the superscripts significant difference (p<0.05), NS: Not Significant
(p>0.05)
nd = non detectable level (Limit of detection with HPLC: AFB1 = 0.43 ppb); AFB2 = 2.02
ppb; AFG1=1.53 ppb; AFG2=0.20 ppb)
Published data have shown that long
term exposure to aflatoxin in human body
causes a number of chronic and acute
diseases including carcinogenic disease (i.e.,
liver cancer), and hepatitis B virus infection
(Benkerroum, 2020). Thus, it is crucial to
DOI: 10.21776/ub.jiip.2022.032.01.07

analyse the AFB1 concentration in edible
animal products such as meat, eggs, and
milk. The present result shows undetectable
aflatoxin (B1, B2, G1 and G2) residue in
broiler breast meat which were exposed to
low level of AFB1 (≤ 61.06 ppb)-diets
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supplemented with Mycosorb for 35 days
(not presented in this article, the data has
been used for another article).
The result was in agreement with
Hussain et al., (2016) who recorded the
absence of AFB1 residue in broiler muscle
after 28days- feeding of a low level of AFB1
diet (50 ppb and 100 ppb). In addition,
Hussain et al., (2016) only found the AFB1
residue above the permissible threshold (> 2
ng/g) in the muscle of birds fed 400 ppb and
800 ppb of AFB1. One contrary study

reported breast muscle residues of 0.015 ppb
AFB1 in broilers offered 36.9 ppb and 69.3
ppb for 42 days experimental period (Yang
et al., 2012).
Bird’s health status
Lymphoid organ weights
Thymus and bursa of fabricius (BOF)
are the fundamental lymphoid organs in the
chicken which play an important role in
producing specific antibodies and become
the target organ of aflatoxins (Karimy et al.,
2017).

Table 4. Lymphoid organ weight (g/bird) and litter/excreta score of broilers fed diets
containing low level of aflatoxin B1 (AFB1) and Mycosorb
Treatments
Variables
Bursa of fabricius Thymus Litter score
AFB1
Excreta score
Mycosorb
Level, ppb
(21d)
(35d)
…………(g/bird)...............
nd
1.52
3.08
1.00c
1.00
c
nd
+
1.92
3.39
1.00
1.33
10.36
1.76
3.27
2.00b
1.67
a
10.36
+
2.32
3.63
3.00
1.33
26.97
1.52
3.98
3.00a
2.00
b
26.97
+
1.63
3.11
1.67
2.00
61.06
1.84
3.19
3.00a
3.00
61.06
+
1.59
3.73
1.67b
3.00
SEM
0.22
0.49
0.16
0.29
Main effect,
AFB1 level (ppb, AL)
nd
1.72
3.23
1.00b
1.17c
a
10.36
2.04
3.44
2.50
1.50bc
a
26.97
1.58
3.55
2.33
2.00b
61.06
1.72
3.46
2.33a
3.00a
SEM
0.16
0.35
0.12
0.20
Main effect, Mycosorb (M)
1.66
3.38
2.25a
1.91
+
1.87
3.47
1.83b
1.91
SEM
0.11
0.24
0.01
0.14
Pr > F
Aflatoxin Level (AL)
NS
NS
***
***
Mycosorb (M)
NS
NS
**
NS
AL x M
NS
NS
***
NS
a,b
Means of column with the superscripts significant difference (p<0.05), **: Significant
(p<0.01); ***: Significant (p<0.001); NS: Not Significant (p>0.05); nd = non detectable level
(Limit of detection with HPLC: AFB1 = 0.43 ppb); AFB2 = 2.02 ppb; AFG1=1.53 ppb;
AFG2=0.20 ppb)
Thus, it is crucial to keep these
lymphoid tissues to work optimal, so they
can support the health and productivity of
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chickens. The present study assessed the
lymphoid organ weight of birds given
different AFB1 level (nd to 61.06 ppb) in the
68

J. Ilmu-Ilmu Peternakan, April 2022, 32(1): 61 – 76
diets supplemented with 0.075% yeast
containing glucomannan (Mycosorb). Tabel
4 depicted the effects of dietary treatments
on the absolute weight of lymphoid organs
of broilers and litter/excreta score during the
35 days of experiment. The statistical
analysis showed that the AFB1 level alone,
Mycosorb
supplementation,
and
combination between AFB1 and Mycosorb
did not affect (p>0.05) the absolute weight
of thymus and bursa of fabricius, agreed
with Kurniasih and Prakoso (2019).
However, the previous authors found a
decrease in the lymphoid organ weights
when the AFB1 level > 100 ppb AFB1 diets.
A study conducted by Peng et al. (2015) and
Liu et al. (2018) showed a decrease in
thymus and BOF of birds fed aflatoxincontaminated diets.
The differences were probably due to
the level and type of aflatoxin applied in the
diets. Liu et al. (2018) used a pure AFB1
with dose level of 40 ppb. In the study
conducted by Peng et al. (2015), the diets
containing 134 ppb AFB1 and 23.6 ppb
AFB2; while, in the present study only used
AFB1 (nd o 61.06 ppb). According to Peng
et al. (2015) the decrease in in thymus and
bursa weight was related to the increased
debris and reticulocytes in the lymphoid
follicles of the BOF which indicated
depressed proliferation of B cells and
atrophy of the BOF.
Litter/excreta quality
In a review by Bolan et al. (2010), it
was explained that during 35 days of rearing,
a broiler chicken is able to produce about 4
kg of fresh excreta which contains not only
a high level of nutrients (such as N, P and K)
(van Ryssen et al., 1977; Bolan et al., 2010),
bacteria (van der Hoeven-Hangoor et al.,
2014), but also water (free and bound water)
(Belay and Teeter, 1996). Approximately
54% the excretion of water in broilers occurs
via the urine and 46% are excreted through
the feces (Belay and Teeter, 1996). The
average moisture content of the fresh
dropping of birds was reported to be 55%
(Hoover, 2015). Published data have shown
that the poor litter/excreta quality is related
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to high moisture content (> 25%) which
leads to wet litter (Collett, 2012; Dunlop et
al., 2016). This condition is triggered by
several conditions such as management and
housing of birds, diseases, nutritional factors
(composition and chemical properties),
toxin and gut health (Belay and Teeter,
1996; van der Hoeven-Hangoor et al.,
2014).
Infectious diseases, gut health, toxin,
and dietary factors (composition and
chemical properties) can lead to poor
nutrient digestibility and absorption in birds
(Teirlynck et al., 2011; Liu et al., 2018).
Published data showed that AFB1 caused
gut damage, macronutrient malabsorption
syndrome and impaired digestive enzyme
activities (Feng et al.2017; Yunus et al.,
2011; Han et al, 2008; Grenier and
Applegate, 2013) which lead to changes in
gut histology and lower nutrient
digestibility. The undigested nutrients in the
proximal small intestine will be fermented
by bacteria in the distal ileum and ceca of
birds. As a result, there will be changes in
the microbiota composition and water
reabsorption in the hind gut as well as the
amount nutrient excreted in the feces. Thus,
the litter/excreta quality is needed to be
controlled because it is associated with
environmental and animal welfare problems
and to reduce productivity losses.
The statistical analysis showed that
the AFB1 level significantly affected
(p<0.001) the litter and excreta score of
broilers (Table 4). The birds fed AFB1treated diets had higher (p<0.05) litter and
excreta scores than those who given a
control diet. The litter score of broilers fed
afla-treated diets were similar (p>0.05).
Broilers fed diets containing 61.06 ppb
AFB1 had higher (p<0.05) excreta score
compared to those fed a control diets and
diets containing 10.36 and 26.97 ppb AFB1.
No significant differences (p>0.05) in
excreta score were observed in birds fed
10.36 and 26.97 ppb AFB1 and between a
control diet and diets contaminated with
10.36 AFB1. Data obtained from the present
study showed that the litter/excreta quality
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of broilers exposed to AFB1 diets are poor
(wet/cakey), especially in diets containing
high AFB1 (Tabel 4). During the
experiment, the litter/excreta of AFB1treated birds were not only wet/cakey but
also producing a bad smell and colour
(black). Sheperd and Fairchild (2010)
explained that cakey litter is a compressed
layer that forms on the top of litter or
bedding materials which contains moisture
and fecal materials. Hermans et al. (2006)
explained that wet litter is a condition of
litter or bedding materials that could not
hold more moisture.
The poor litter/excreta quality of
AFB1-treated birds was probably due to
several mechanism of actions namely 1) the
AFB1 impaired the morphology of gut
which reduced the digestibility and
absorption of nutrients; 2) the undigested
nutrients in the proximal small intestine
were then delivered to the distal ileum and
ceca to continue microbial fermentation. 3)
This condition will in turn change
microbiata
composition
and
the
reabsorption condition. The excess nutrients
will increase urinary outputs of water in the
hind gut (Dunlop et al., 2016). The visual
observation during the experiment showed
that the birds fed AFB1 diets had dirty
feathers (side and back) and cloaca. In
addition, the housing produced bad smell.
De Jong et al. (2014) reported that wet litter
could induce footpad dermatitis, reduce the
bird’s welfare, severe hock burn, breast
irritation, performance, and carcass yield.
Moreover, the wet litter caused more
rejection of commercial parts at the
slaughterhouse. Mycosorb supplementation
decreased (P<0.05) the litter score of birds
during the 21 day of experiment, but it did
not reduce the excreta score at the end of
experiment (35 d). The improvement of
litter score during the starter period was
probably due to the ability of starter birds to
metabolise the AFB1 in the liver was low,
thus the supplementation of Mycosorb help
the starter birds to bind the AFB1 and
excreted in feces. Mycosorb also worked
better in birds fed 26.97 ppb and 61.06 ppb
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AFB1 diets compared to those fed diets
containing < 2.02 and 10.36 ppb AFB1. The
comparison is difficult to be made because
of the limitation of references. The average
of litter score of birds given Mycosorb was
1.83, while the litter score of those received
no Mycosorb was 2.25 on day 21 of
experiment.
The AFB1 level x Mycosorb
interaction was found to be significant
(p<0.001) in litter score parameter but not
significant (p>0.05) in excreta score. The
birds fed afla-treated diets added with
Mycosorb had lower (p<0.05) litter score
than those who fed afla-treated diets without
Mycosorb. The litter score of birds fed
control diets with the addition of Mycosorb
was not different (p>0.05) from those who
received a control diet without Mycosorb.
Haematological profile
Published data showed that aflatoxins
destroy the blood cell production
(haematopoiesis) in bone marrow and
lymphatic organs, where blood cells and
other blood components are formed (AbdelWahhab et al., 2002). The evaluation of
blood components such as white blood cells
(WBC)
count,
mean
corpuscular
haemoglobin concentration (MCHC), the
count of the red blood cells (RBC) and
haemoglobin (HGB), mean corpuscular
haemoglobin (MCH) and mean corpuscular
volume (MCV) is essential to monitor the
toxicity of feed constituents (Etim et al.,
2014). The blood profile will provide crucial
information regarding the pathological
status of a living organism. In the present
experiment, the effect of the afla-treated
diets supplemented with Mycosorb on
haematological profile was studied.
The haematological profile of broilers
fed dietary Mycosorb was presented in
Table 5. The AFB1 level or Mycosorb alone
did not affect (p>0.05) white blood cells
(WBC) and red blood cells (RBC) counts,
haemaglobin (HGB), mean corpuscular
volume
(MCV),
mean
corpuscular
haemoglobin (MCH), and mean corpuscular
haemoglobin
mean
corpuscular
haemoglobin concentration (MCHC) of
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broiler chickens during the experiment. For
the first main effect (AFB1 level), the lack
of significant change in the WBC counts
was inline with Mohaghegh et al. (2017).
However, it seems that the WBC numbers
was slightly higher in AFB1-treated group
compared to the control group. In a study
carried out by Valchev et al. (2018) showed
that the WBC of mulard ducks fed aflatoxin

contaminated diet was higher than those
who were fed with a control diet. According
to Safamehr (2008) and Abdel-Wahhab et
al. (2002) and, the increase in WBC number
as a result of aflatoxicosic could be
explained by 1) the irritating effect of
aflatoxins on the gut mucosa and its
inflammation; and 2) the AFB1 changes the
function of bone marrow lymphoid organs.

Table 5. Haematological index of broilers fed diets containing low level of aflatoxin B1
(AFB1) and mycotoxin binder (Mycosorb)
Treatment
Variables
WBC
RBC
HGB
MCH
MCV
MCHC
AFB1
Mycosorb
Level, ppb
….(x 103/µL)…..
g/L
pg
fL
g/dL
c
nd
70.3
3.04
9.58
31.3
112
26.4
nd
+
72.2c
3.11
10.02
32.3
120
26.9
a
10.36
88.4
3.03
10.76
32.5
117
27.8
10.36
+
72.0c
2.77
8.95
32.3
124
26.0
b
26.97
83.3
2.85
9.36
32.9
123
26.8
26.97
+
81.6b
2.92
9.60
32.9
122
27.0
61.06
92.4a
3.08
9.96
32.4
118
28.4
b
61.06
+
80.7
3.16
9.99
31.7
120
26.5
SEM
4.65
0.12
0.38
0.76
1.61
0.70
Main effect,
AFB1 level (ppb, AL)
nd
71.2
3.07
9.80
31.8
119
26.6
10.36
80.2
2.90
9.85
32.4
121
26.9
26.97
82.5
2.88
9.48
32.9
122
26.8
61.06
86.6
3.12
9.98
32.1
118
27.4
SEM
3.29
0.08
0.27
0.55
1.14
0.49
Main effect, Mycosorb (M)
83.6
3.00
9.92
32.3
119
27.3
+
76.6
2.99
9.63
32.3
121
26.6
SEM
2.32
0.06
0.19
0.39
0.81
0.35
Pr > F
Aflatoxin Level (AL)
NS
NS
NS
NS
NS
NS
Mycosorb (M)
NS
NS
NS
NS
NS
NS
AL x M
*
NS
NS
NS
NS
NS
a,b
Means of column with the superscripts significant difference (P<0.05), *: Significant
(p<0.05); NS: Not Significant (p>0.05); nd = non detectable level (Limit of detection with
HPLC: AFB1 = 0.43 ppb); AFB2 = 2.02 ppb; AFG1=1.53 ppb; AFG2=0.20 ppb)
RBC = red blood cells, WBC = white blood cells, MCV = mean corpuscular volume, MCH =
mean corpuscular haemoglobin (pg), MCHC = mean corpuscular haemoglobin concentration,
and HGB = haemoglobin.
The AFB1 level did not decrease the
number of RBC, HGB, MCH and MCV of
birds during 35 days of experiment, partly
agreed with Kurniasih and Prakoso (2019)
DOI: 10.21776/ub.jiip.2022.032.01.07

and Aravind et al. (2003). Especially for
RBC, Kurniasih and Prakoso (2019)
reported that during the starter period the
number of RBC of birds given < 100 ppb
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AFB1- diets did not decrease, but when
exposed to > 100 ppb AFB1, the RBC
number went down.
Except for WBC, no significant
interaction (P>0.05) between AFB1 level
and Mycosorb was observed in all
haematologocal parameters of broilers
during the experiment. The WBC count of
birds fed the AFB1 diets supplemented with
Mycosorb tended to be lower than the WBC
number of birds fed a control diet. The
present results agreed with Mohaghegh et al.
(2017) who used esterified glucomannan as
adsorbent in afla-treated diets. The ability of
yeast glucomannan to decrease the WBC
count indicated that this mycotoxin binder
has a high ability to bind the AFB1 in the
gastrointestinal tract of birds leading to the
decrease of AFB1 ansorption, thus reduced
the detrimental effects on broilers.
The range of WBC in all dietary
treatments was from 70.3 to 92.4 x 103/µL.
The high WBC number in control diets (with
and without Mycosorb) was unexpected
result. The present study was not in
agreement with Kurniasih and Prakoso
(2019) who reported that the WBC number
of birds fed control diet and afla-treated
diets was between 18.29 and 21.75 x 103/µL.
In addition, Kurniasih and Prakoso (2019)
observed that the number of WBC in
broilers decreased when the level of
aflatoxin diet > 100 ppb. The variation in the
WBC counts and other haematological
index may be owing to the difference in the
level of aflatoxin, the variation in
temperature and geographical location.
Except for white blood cells (WBC)
count and mean corpuscular haemoglobin
concentration (MCHC), the red blood cells
(RBC), haemoglobin (HGB), mean
corpuscular haemoglobin (MCH) and mean
corpuscular volume (MCV) of birds in all
dietary treatments were in a normal range.
CONCLUSIONS
Dietary Mycosorb (0.075%) in aflatreated diets improved litter quality and
reduced white blood cell counts of broilers.
The AFB1 level up to 61.06 ppb did not
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impair carcass yield, lymphoid organ
weights and other haematological index of
broilers. Further research is needed to
evaluate the efficacy of Mycosorb in poultry
diets contaminated with a higher level of
aflatoxin.
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